In vitro a range of biochemical approaches indicate that RNA polymerase II (Pol II) can pass through a nucleosome without the need for complete dissociation of histone proteins (reviewed by [3] ). However the distribution of Pol II pausing sites observed in vitro and in vivo differs [4, 5 ] , raising the awkward question of whether what has been observed in vitro accurately reflects what has taken place in vivo. Furthermore, changes to the experimental conditions used in vitro can result in increased histone dissociation. For example, closely packed polymerases are more effective in disrupting chromatin [6 ] and it has recently been reported that transcription rates in excess of 5 bp per second result in increasing levels of histone dissociation [7 ] . As elongation proceeds at 20 bp per second in yeast [8 ] and up to 830 bp per second in human cells [9] , dissociation of nucleosomes is a possibility. Some support for the retention of histones during elongation stems from the observation that histones retain contact with DNA at moderately transcribed genes [10] [11] [12] [13] . However, the majority of yeast genes are transcribed sporadically, approximately seven times per hour [14 ] , making transient dissociation hard to detect. This problem is avoided at highly transcribed genes. In these cases substantial chromatin disruption is observed [15, 16] , but reassembly is rapid, occurring within 1 min of transcription ceasing [15] . This means that on a genome scale a correlation between histone association and Pol II occupancy could be interpreted as evidence for a transient dissociative mechanism. This is indeed what is observed [1, [11] [12] [13] . What is not clear from these observations is whether Pol II is directly responsible for dissociation of histones or whether additional factors participate. Here we review the roles of some of the factors contributing to the pathway by which Pol II transits chromatin with emphasis on recent developments from studies in Saccharomyces cerevisiae which has proven to be an excellent model system.
The Pol II CTD and PAF complex: recruitment platforms
Key players in the orchestration of the interplay between chromatin and transcription are the C-terminal heptapeptide repeats (CTD) of the Rpb1 subunit of Pol II and the polymerase associated PAF complex (reviewed by [17] [18] [19] [20] ). The repeated sequence (YSPTSPS) within the Cterminus of Rbp1 is subject to differential phosphorylation during different phases of the transcription cycle. It is thought to be unphosphorylated upon recruitment to promoters facilitating interactions with initiation factors such as mediator. During the early stages of elongation the CTD is phosphorylated at serine 5 (S5P) by the Cdk7 subunit of TFIIH allowing recruitment of the mRNA capping complex. CTD S5P also destabilizes interactions with initiation factors and facilitates promoter escape and recruitment of the Bur1 kinase which phosphorylates the elongation factors Spt4 and Spt5. This in turn promotes recruitment of the PAF complex comprising the Paf1, Rtf1, Cdc73, Leo1 and Ctr9 proteins. PAF and Spt4/Spt5 assist the recruitment of Rad6 and Bre1 which ubiquitinylate H2B at K123 (H2BK123Ub). H2BK123Ub is in turn required for methylation of H3K4 and H3K79 by Set1 and Dot1, respectively. Set1 itself interacts with both the PAF complex and serine 5 phosphorylated CTD and the recruitment of Dot1 is also dependent on PAF. The Bur1 and Ctk1 (P-TEFb in humans) kinases are responsible for phosphorylation of the CTD at serine 2 (S2P). This marks the polymerase for progression to a fully elongation competent form. Phosphorylation at S2P suppresses the Sen1/Nrd/Nab3 termination pathway which may contribute to the large numbers of short non-productive transcripts observed at many genes [5 ,18] . In combination, multiply phosphorylated CTD and PAF are responsible for recruitment of the Set2 the enzyme that methylates histone H3 at K36.
Modifications instruct modifications!
One of the consequences of the pathway described above is the establishment of the characteristic distributions of histone H3 K4Me3 and H3 K36Me3 across coding regions (Figure 1 ). These modifications can in turn act as epitopes for the recruitment of chromatin binding proteins. For example, Eaf3 is a subunit of the histone acetyltransferase NuA4 [21] and the histone deacetylase Rpd3S [22, 23] . Within Rpd3S the PHD domain of the Rco1 subunit together with the chromodomain of Eaf3 and interactions with the Pol II CTD phosphorylated at both S2 and S5
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Histone chaperones: reassembly or dissociation
The reassembly of chromatin following transcription is not restricted to coding mRNAs. Transcription of noncoding RNAs is also associated with chromatin assembly and in some cases this has been found to play regulatory roles [60] [61] [62] .
Re-phasing the template
When nucleosomes are assembled in vitro, in the absence of other factors, the positions adopted by nucleosomes do not fully replicate those observed in vivo [63, 64] . An ATP dependent activity has recently been found to be capable of directing this repositioning in yeast extracts [65 ] .
Prime candidates for this include the Isw1 remodelling enzyme that has been observed to influence nucleosome spacing in mid coding regions [66] and Chd1 which interacts with the Rtf1 subunit of PAF and FACT [67] . Both Isw1 and Chd1 are found to be enriched within the coding regions of highly transcribed genes [67, 68] . The genetic interactions of CHD1 mutations with other elongation factors suggest that Chd1 acts to reduce the efficiency of elongation in a similar fashion to the Rpd3S histone deacetylase complex [69 ] . As cryptic intragenic transcription is increased following mutation to components of either CHD1 or ISW1 it is possible that these proteins function with partial redundancy in chromatin assembly [69 ] . Further support for this stems from the finding that the Chd1 and Isw1 ATPase share structurally related SANT and SLIDE accessory domains [70] and that deletion of these proteins results in an overall loss of nucleosome spacing over coding regions [68] . The establishment of regular nucleosome spacing may play an important role in stabilising the association of histones by firstly, influencing the ability of arrays of nucleosomes to form more compact structures, secondly, allowing for the association of abundant nucleosome binding proteins such as Nhp6 [71 ] and thirdly, by simply preventing collisions between nucleosomes which can be destabilising [72] . In addition to an inhibitory effect on non-coding transcription, spaced chromatin may be less permissive to re-initiation events [73] .
Some doubt remains as to how tightly coupled the nucleosome spacing reaction is to transcription. Favouring close links to transcription are the observation that nucleosome spacing decays with distance from the +1 nucleosome whose positioning is likely to be established by other factors [2] , and that there are strong functional ties linking both Isw1 and Chd1 to transcription. On the other hand the spacing reaction appears to proceed in the apparent absence of transcription in nuclear extracts [65 ] and substantial organization is retained following inactivation of RNA polymerase [74 ] . Possible explanations for these observations include spaced chromatin being sufficiently stable to persist once established, in the absence of ongoing transcription, and that there are sufficient spacing enzymes in nuclear extracts to organise chromatin in an untargeted fashion. Following inactivation of RNA polymerase a retrograde shift in the positioning of nucleosomes is observed involving many nucleosomes moving 10 bp towards the 3 0 ends of coding regions [74 ] . More recently, it has also been observed that the replacement of ancestral histones with nascent histones is slowest at the 5 0 ends of long genes transcribed at low levels [75 ] . The favoured explanation for these observations involve the net migration of nucleosomes against the direction in which RNA polymerase transcribes. As this behaviour is disrupted by deletion of the H4 tail [75 ] which is required for the spacing activity of both Isw1 and Chd1, it is tempting to speculate that spacing in the wake of a transcribing polymerase is associated with a net movement of nucleosomes in a 5 0 direction.
The problem with elongation
The very fact that Pol II moves across genes during elongation complicates studies of its localisation in comparison to activities which are recruited to fixed loci such as promoters. Furthermore, many genes are actively transcribed for relatively short periods of time, making it even harder to study factors involved in elongation using chromatin immunoprecipitation assays. 
The logic of the transcription cycle
Over the last decade important insights into many of the factors involved in transcribing through chromatin provide the opportunity to take a step back and consider the overall organisation of the pathway (Figure 2 ). The pathway involves branching and feedback connections that act to ensure process such as H2BK123Ub and histone acetylation not only occur during transcription, but are also transient. The overall logic of the process appears to be largely directed at ensuring the processes of chromatin disassembly and reassembly are tightly coupled with transcription in a fashion that is comparable with the cell cycle where multiple check points ensure regulated progression with the single outcome of duplication. Many of the chromatin related factors involved in transcriptional elongation have roles in chromatin reassembly following transcription. Their action may be directed at breaking the potentially dangerous positive feedback loop that could result if a pioneering polymerase disrupts chromatin so as to facilitate subsequent transcription events from both the coding and non-coding strands. This would be expected to result in correlated bursts of transcription, an effect that appears not to occur at typical yeast genes transcribed at moderate levels [8 ] . However, this situation may differ at more highly regulated genes where short burst of transcription have been observed [76] , and there may be a greater requirement for memory effects in organisms with more complex developmental programmes [77] .
Highly transcribed genes are observed to be enriched for distinct patterns of histone modifications (Figure 1) . The , most genes would be expected to be reassembled as chromatin 90% or more or the time. However, at very highly expressed genes, the high frequency of polymerase passage would be expected to dramatically increase the proportion of time chromatin is disrupted. Overall, the application of this process to large numbers of genes provides a means of directing many of the observed patterns of histone modification across coding regions (Figure 1 ). Removal of methylation marks by histone demethylases is an area that requires further investigation. Evidence to date suggests that demethylases are likely to be involved, but are as yet difficult to place in the overall pathway [78 ] . Furthermore dilution of methylation marks during replication may play a role in the removal of H3K4 methylation [78 ] . This is in effect the reverse of the idea that histone marks are stably inherited from one generation to the next. As a result, it seems likely that a significant proportion of histone modifications that characterise the coding regions of yeast genes do not comprise an epigenetic signal, but are instead instructed by the frequency of transcription.
The above description is no doubt a simplification. There is considerable variation in the ways that different genes respond to the loss of different component's of the transcriptional machinery [79] . There is also evidence that the elongation machinery is deployed in different ways at different yeast genes [26 ,53 ] , and this is clearly deployed as a major point of regulation in higher eukaryotes [80] [81] [82] [83] [84] . However, many of the histone modifications associated with elongation appear to function in a similar way at large numbers of genes. As a result, they are not acting to specify a broad range of distinct downstream functions as proposed in the histone code hypothesis [85] .
In summary, the process of transcription through chromatin is becoming clearer as a result of a huge effort to characterise each of the steps involved. While there are undoubtedly many aspects that still remain to be discovered, overall the process provides a means of ensuring that the dynamic events occurring at the site of transcription are restored. In this way a substantial proportion of the chromatin landscape can be considered as being directed towards discretely covering the tracks left by the passage of RNA polymerase. 
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